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Summary: Evidence for the suitability of Spot urines for selective screening in children was obtained by comparing
the 24-hour urinary oxalate excretion with the ratio of urinary oxalate to creatinine [mmol/mol] in spontaneously
voided urine samples. Spot urines of 169 healthy children aged l day to 13 years were analysed in order to establish
reference values for the urinary oxalate/creatinine ratio in relation to age and body surface area. Oxalate was
measured by automated ion chroraatography. Results showed an inverse relationship between the oxalate/creatinine
ratio and age. The highest ratios, 131 ± 57 mmol/mol (mean ± 2 SD), were found in infants. At age two years, the
ratio was 84 ± 55, at age five years 56 ± 35, and for children older than ten years 42 ± 31. This finding can be
explained by the gain of muscle mass and hence increased creatinine productiori with increasing age. Data for the
urinary oxalate/creatinine ratio are presented according to body surface area for the assessment of children with
abnormal growth. In 19 urine samples from nine patients with primary hyperoxaluria, the oxalate/creatinine ratio
greatly exceeded (286—2022 mmol/mol) the above reference ranges. We therefore propose the determination of the
oxalate/creatinine ratio in spot urines for the selective screening for hyperoxaluria in children with nephrocalcinosis
or urolithiasis.
Introduction This study presents results on the suitability of spot ur-
Although nephrocalcinosis and urolithiasis are in, ines for selective oxalate screening in children. Urinary
frequent problems in children, early diagnosis and treat- °*alate was determined ^  automated. ion chromatogra-
ment are of critical importance to the outcome. The per- P*1?· We Present reference values for urinary oxalate in
centage of detectable metabolic abnofmalities in these relation to urinary creatinine, according to age and body
children increases up to 30% with the accuracy and surface area- Results from patients with primary hyper-
intensity of laboratory examinations (1). In the past, oxaluria are compared with these reference values.
mainly due to methodological problems, little attention
has been paid to the role of oxalate äs a factor in the
genesis of urolithiasis and nephrocalcinosis. However,
 Subjects and Methode
changes of urinary oxalate concentration have a 10-fold
higher influence on the solubility of calcium oxalate Healthy Probands
than comparable changes of calcium concentration (2).
 pre.noon spot urines of ,69 apparent[y hea,thy chi,dren (95 ma,e
Therefore, a meticulous search for abnormalities in öxa- 74 femaie, age one day to thirteen years) were collected on a ma-
late metabolism is recommended in patients presenting temity ward, in a Kindergarten and in a school. Spot urines and 24-
with nephrocalcinosis and/or urolithiasis. Hyperoxaluria hour urines from 15 children between 3 and 15 years (mean 10),
may be caused by hyperabsorption (3), or by increased "ho were hospitalized for reasons not related to oxalate metab-
. " r . . olism, were mvesligated to determme the relationship bclween the
endogenous production of oxalate äs m primary hyper- 24-hour oxalate excretion and the oxalate/creatinine ratio in spot
oxaluria type l or 2 (4). urines.
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Pa t i en t s
Spot urincs were collcctcd from 9 palicnts witli primary hyperox l-
uria% aged between 0.5 and 30 years (mean 8.4). In two of these
cascs, ithc gloinerular filtralion rate was less than 20 ml/min per
1.73 m2, in three others it was between 20 and 60, while it was
over 60 in the remaining four. A 24-hour urine colleclion was per-
fomied on four of these patients.
Height and weight were recorded in all probands and used for cal-
culation of body surface area.
Sample h a n d l i n g
After collection urine samples were immediately acidified by ad-
ding 0.1 ml of 6 mol/1 hydrochloric acid to 5 ml aliquots (5). These
samples were then diluted 20-fold with 0.3 mol/1 boric acid and
stored at -20 °C (6).
Ion chromatography
Oxalate was separated and quantified, using an automated ion chro-
matography System (Sykam, Gilching, Germany) with Dionex
(Idstein, Germany) columns and suppressor unit (AG4A, AS4A,
AMMS2), in combination with a Marathon autosampler (Spark,
Friedrichsdorf, Germany). The procedure was a modified version
of a previously described method (7). Oxalate was calculated by
the peak height method after calibration with an acidified external
Standard (Shimadzu integrator CR5A). Results from ion chroma-
tography (IC) correlated well with those of a gas Chromatographie
(GC) method (8) formerly used routinely in our laboratory: y(IC)
[μηιοΐ/ΐ] = 0.87x(GC) + 31.6 (R2 = 0.96, p < 0.01, n = 22, con-
centration r nge 10 to 700 μηιοΐ/ΐ). Our laboratory participates suc-
cessfully in an international external quality assurance scheme for
urinary oxalate (University College London). Day-to-day precision
in 20 aliquots of a urine sample was 3.4% over six months (oxalate
concentration 338 μιτιοΐ/ΐ) and intra-run precision was 1% (20 de-
terminations). The average recovery was 95.4% (SD 5.7) over a
r nge of added oxalate of 14 to 2221 μηιοΐ/ΐ. Creatinine was meas-
ured with the help of the creatinine analyzer 2 (Beckman,
M nchen, Germany).
Results
In 169 spot urines of healthy non-hospitalized children
the oxalate/creatinine ratio [mmol/mol] ranged from
24.8 to 195 (mean 61.1). The highest mean ratio was
found during the neonatal period, and it decreased rap-
idly with increasing age (fig. 1). Similar inverse and
non-linear correlations of the oxalate/creatinine ratio to
body surface area, body weight and height were found
(R2 ranges between 0.582 and 0.593). The data in re-
lation to age and body surface area are presented in table
l. In urine samples of the patients with primary hyper-
oxaluria, the oxalate/creatinine ratio ranged from 286 to
2022 mmol/mol (mean 735, SD ^64, n = 19) and was
therefore distinctly higher than our reference intervals.
A coitelation between oxalate excretion in 24 hours per
1.73 m2 and the oxalate/creatinine ratio in spot urines
was found in 15 healthy children (fig. 2) and in 4
patients with primary hyperoxaluria. In healthy children
the regression is described by y [μιηοΐ/d Χ 1.73m2]
= 7.7x + 5 [mmol/mol] (R2 = 0,528, p < 0.01), while
Tab. l Urinary oxalate/creatinine ratio in relation to age and
body surface area of 169 healthy children (rneans ± 2 SD).
Age [months]
Body surface area [m2]
Oxalate/creatjnme-rati
[mmol/mol']
< 1
16- 30
31- 50
51- 70
71-100
101-130
131-161
11
15
23
39
32
34
15
131(75-188)
84(29-139)
70(20-121)
56(20- 91)
52(22- 83)
44(18- 71)
42(12- 73)
0.16-0.24
0.40-0.60
0.61-0.70
0.71-0.80
0.81-0.90
0.91-1.00
1.01-1.20
1.21-1.50
>1.60
11
11
23
21
23
22
32
24
2
131 (75-188)
82(25-139)
73(23-123)
60(14-107)
59(23- 95)
50(21- 79)
45(23- 67)
46(16- 76)
29 and 26
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Fig. l Relationship between urinary oxalate/creatinine ratio and
age in 169 heallhy infants and children: the regression curve is
depicted by y = 90.8
 e-°·
031
* + 43.1 (R2 = 0.587); means ± 2 SD
are presented according to the data in table 1.
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Fig. 2 Relationship between urinary oxalate excretion per day per
l .73 m2 and the oxalate/creatinine ratio in spot 'urines of 15 healthy
cMdren (y = 7.7x + 5; R2 = 0.528). "
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in the 4 hyperoxaluric subjects a correlation of
y = ll.2x - 433 (R2 = 0.799, p < 0.01) was derived
J N
from 9 separate collections.
Discussion
In chiidren with urinary stones and/or nephrocalcinosis,
various tests must be performed to establish the meta-
bolic causes, including the determination of urinary oxa-
late. To the best of our knowledge, this is the first study
to present reference ranges for urinary oxalate in healthy
non-hospitalized chiidren, determined by ion chroma-
tography. The method is reliable, precise and con-
venient (9).
In our hands results obtained with ion chromatography
were closely related to those determined by a reference
gas Chromatographie method. The highest oxalate/creati-
nine ratio was found in infants. The ratio decreased
markedly with age, due to the gain in muscle mass and
the resulting increase in creatinine production. The age-
related reference ranges agree with results from studies
using an cr/ymatic method for oxalate determination
(10, 11). Oxalate excretion corrected for body surface
area is not age-dependent (12).
Our data demonstrated a good correlation for timed ur-
ines and spot urines. These results are in accordance
with another smaller study demonstrating the accuracy
of spot urine screening for primary hyperoxaluria, in
which a single patient had a clearly higher value than
five healthy controls (13).
Especially in small chiidren and infants, timed urines
are difficult to collect with any degree of confidence.
For screening purposes, we therefore recommend deter-
mination of the urinary oxalate/creatinine ratio in spot
urines. However, if an elevated urinary oxalate/creatin-
ine ratio is found, the analysis should be repeated, so
that alimentary origins (e. g. spinach, chocolate) or sec-
ondary causes (3) for the elevated ratio can be ruled out
prior to the diagnosis of primary hyperoxaluria. Further
urinary analyses or enzyme determinations (e. g. in liver
biopsies) should be subsequently performed to classify
the exact type of hyperoxaluria (14).
Renal failure complicates the diagnosis of hyperoxaluric
subjects. It has been demonstrated that oxalate clearance
decreases more rapidly than the glomerular filtration rate
äs renal failure progresses (15). Therefore, oxalate ex-
cretion may be normal or almost normal in affected indi-
viduals with renal failure. In contrast, due to the simul-
taneous reduction of the urinary creatinine concentration
with renal failure, the oxalate/creatinine ratio will re-
main high, and will still be useful for the diagnosis of
hyperoxaluria.
We conclude that urinary oxalate/creatinine ratios in
spot urines are a helpful screening tool for chiidren in
all age grpups in the search for possible causes of
nephrolithiasis or nephrocalcinosis.
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